Background: Understanding how social contexts shape HIV risk will facilitate development of effective prevention responses. Social cohesion, the trust and connectedness experienced in communities, has been associated with improved sexual health and HIV-related outcomes, but little research has been conducted in high prevalence settings. Methods: We conducted population-based surveys with adults 18-49 in high HIV prevalence districts in Mpumalanga (n = 2057) and North West Province (n = 1044), South Africa. Community social cohesion scores were calculated among the 70 clusters. We used multilevel logistic regression stratified by gender to assess individual-and group-level associations between social cohesion and HIV-related behaviors: recent HIV testing, heavy alcohol use, and concurrent sexual partnerships. Results: Group-level cohesion was protective in Mpumalanga, where perceived social cohesion was higher. For each unit increase in group cohesion, the odds of heavy drinking among men were reduced by 40% (95%CI 0.25, 0.65); the odds of women reporting concurrent sexual partnerships were reduced by 45% (95%CI 0.19, 1.04; p = 0.06); and the odds of reporting recent HIV testing were 1.6 and 1.9 times higher in men and women, respectively. Conclusions: We identified potential health benefits of cohesion across three HIV-related health behaviors in one region with higher overall evidence of group cohesion. There may be a minimum level of cohesion required to yield positive health effects.
Introduction
Momentum around understanding the social determinants of health has increased in Western countries over the past three decades, with growing evidence that the social environment shapes health and health behaviors (Bronfenbrenner, 1979; Cassel, 1976; Kaplan et al., 2000; Krieger, 2001; Berkman and Kawachi, 2000) . Among social contextual factors most commonly studied at a community level, social cohesion, or the shared trust, connectedness, or unity experienced by members of a residential area or social group (Sampson, 2003; Sampson et al., 1997; Kawachi and Berkman, 2000) , has been associated with various healthy behaviors and improved health outcomes in multiple contexts. For example, seminal research in Chicago found higher levels of neighborhood collective efficacy (social trust and expectations of reciprocity or social control) correlated with lower rates of violent crime (Sampson et al., 1997) . At the state level, increased membership in social organizations, or civic engagement, a construct related to social cohesion, has been associated with decreased all-cause mortality in the U.S. (Kawachi et al., 1997) . More recent studies have also demonstrated a protective association between social cohesion and civic engagement with both early sexual debut and rates of sexually transmitted infections (STI) in the U.S. (Ellen et al., 2004; Holtgrave and Crosby, 2003; Jennings et al., 2014; Youngblade et al., 2006) .
While evidence for the link between community social connectedness and trust and improved health outcomes is gaining traction in the U.S. context, there has been less research on these associations in lower income countries. In sub-Saharan Africa, where the HIV epidemic continues to have a strong impact on population health, few researchers have examined the impact of community social cohesion or related measures of community connectedness on HIV and HIV-related risk behaviors. Related research in sub-Saharan Africa has largely operationalized social cohesion at the individual level, as an individual's perceived level of social cohesion in his/her community or an individual's reported membership and involvement in groups. At the individual level, some evidence from African countries indicates social cohesion and civic engagement play a protective role on sexual health, increased condom use, decreased intimate partner violence, and delayed sexual debut, although not all associations have been protective (Gregson et al., 2011; Burgard and Lee-Rife, 2009; Pronyk et al., 2006; Campbell et al,. 2002) .
After decades of HIV prevention and care programming focused almost entirely on individual behavior change in Africa, there is a growing call to understand how social environments shape HIV acquisition to inform critically needed improvements to HIV prevention programming, particularly in addressing modifiable social factors (Underwood et al., 2014; Poundstone et al., 2004; Fritz et al., 2010; Campbell et al., 2005; Pronyk et al., 2008a) . We sought to understand the relationship between community social cohesion and behaviors associated with HIV acquisition in South Africa using data from two population-based surveys in high HIV prevalence rural districts to examine varied experiences of social cohesion and sexual risk behaviors. Specifically, we assess the association between a community-level measure of social cohesion and recent HIV testing, heavy alcohol use, and concurrent sexual partnerships.
Methods

Setting and study design
Data for this study came from two separate population-based HIV prevention and care research initiatives in rural and peri-urban areas of South Africa -one in North West and the other in Mpumalanga Province. Studies included similar survey data collection protocols and measures.
Data from the North West Province were collected from JanuaryMarch 2014, in Lekwa-Teemane and Greater Taung sub-Districts within Dr. Ruth Segomotsi Mompati (RSM) District. RSM is comprised of both rural and peri-urban areas, with an economy centered on beef production and agriculture. The study area includes approximately 230,000 people, the majority of whom speak Setswana. Adult HIV prevalence in the North West Province is estimated at 20.3% (Shisana et al., 2014) . Twenty-three enumeration areas (EAs) in each sub-district were selected proportionate to size based on 2011 census data (sampling frame provided by Statistics South Africa). All dwelling units (DU) in selected EAs were enumerated prior to data collection. Up to 36 inhabited DUs were then randomly selected from each EA (1561 DUs in total) for inclusion in the sample. One adult (18-49 years) was randomly selected per DU for participation. Data collection has been described in detail elsewhere (Lippman et al., 2016a) .
Data from Mpumalanga Province were collected between JulySeptember 2014, in a largely rural area of the Bushbuckridge subdistrict, within Ehlanzeni district. Remittances from migrant laborers in the nearby mining, agriculture, and tourism industries are the mainstays of the local economy. The province has the second highest HIV prevalence nationally, estimated at 21.8% among adults of reproductive age (Shisana et al., 2014) . The study area is a health and socio-demographic surveillance site (Agincourt HDSS) run by the Medical Research Council/Wits University Rural Public Health and Health Transitions Research Unit. At the time the survey was conducted, just over 113,000 residents were living in 28 enumerated villages, most of whom speak XiTsonga (Shangaan) (Kahn et al., 2012) . The sampling frame consisted of all HDSS households with a resident aged 18-49 in 27 villages (one small village was excluded). Random selection in each village resulted in 3456 total households for inclusion.
Selection criteria required an age range of 18-49 years, ability to provide informed consent, and household residence. In North West residency was defined as sleeping in the DU an average of four or more nights per week and in Mpumalanga residency comprised having spent at least nine of the past twelve months in the area.
Data collection
Fieldworkers located participants, confirmed eligibility, obtained written informed consent, and conducted a survey using computerassisted personal interviewing (CAPI) at the participant's home, in the participant's language of choice [English, Setswana, or XiTsonga] . The surveys included questions on demographic characteristics, HIV testing history, health services utilization, sexual behavior, alcohol consumption, and community social factors, including community cohesion. In the North West, participants were compensated with a mobile phone airtime voucher worth approximately five US dollars. In Mpumalanga, no compensation was offered, consistent with research unit policies. Additionally, in the North West, participants were offered HIV rapid testing at the time of the survey; testing was not an inclusion criterion for the survey. 
Measures
Participants in each study responded to a six-item cohesion measure based on the scale developed by Sampson et al. (1997) modified for use following qualitative research and validated by our team (see Table 1 for items) Lippman et al., 2016b) . All items had response options of disagree, somewhat agree, and agree. We calculated individual and group cohesion scores using the average of item responses ranging from 0 (Disagree) to 2 (Agree). We used item response modeling (IRM) to assess and summarize the cohesion scale using a one-parameter multinomial (partial credit) model following prior validation (Lippman et al., 2016b; Masters and Wright, 1997) . To create a group-level metric of cohesion, we estimated individual perceived cohesion scores using weighted maximum likelihood estimation (Warm, 1989) from IRM and averaged these within village of residence in Mpumalanga and enumeration area in North West. We also calculated the deviation between individual perception and group cohesion for each respondent in order to assess potential effects at both group and individual levels (Neuhaus and Kalbfleisch, 1998) .
We assessed three health outcomes associated with HIV prevention: heavy alcohol use, recent HIV testing, and concurrent sexual partnerships. Heavy alcohol use was measured using the consumption subscale from the World Health Organization's Alcohol Use Disorders Identification Test (AUDIT), an internationally validated screening tool (Babor et al., 2001; Saunders et al., 1993) . In accordance with prior studies, we scored the four items on frequency and amount of alcohol consumed from zero to four and classified individuals with four or more total points as heavy drinkers (Bradley et al., 2007; Peltzer, 2006) . We defined recent HIV testing as self-reported HIV testing in the past 12 months among those not previously diagnosed with HIV. Concurrent sexual partnership measures were extracted from partner grids, where respondents provided details on their 3 most recent sexual partners, including timing of relationships. Concurrent sexual partnership was defined as at least 1 month of overlapping sexual relations in the past 3 months, among those sexually active in the time frame.
Demographic variables collected in both surveys included age, education (categorized as primary or less, some secondary, secondary or more), union status (single, married/partnered, previously married), and experiencing food insecurity in the past 30 days. We calculated community poverty rates as the percent of respondents reporting food insecurity.
Analysis
We calculated descriptive statistics and tested differences by study region using Chi-square tests or bivariate linear regression adjusted for clustering by group. In order to compare the relationship of cohesion to health outcomes between the two samples, we standardized the Mpumalanga data to the North West sample using weights capturing the inverse probability of being in the North West sample. This was accomplished by modeling North West residence using individual demographics and group poverty in logistic regression models stratified by gender. Final stabilized weights were created by multiplying each weight by the gender-specific probability of being in one's observed location, whether North West or Mpumalanga. This approach extends direct standardization (i.e., by age) to encompass multiple differences in underlying demographics (Hernan et al., 2004) . We did not use sampling weights for the purposes of this analysis, as we aimed to make the data sets comparable to each other as opposed to representative of the respective study areas.
We assessed the relationship of both group cohesion (the main exposure of interest) and individual perceived cohesion (to account for individual associations within the groups) with each health outcome separately by gender using multilevel logistic regression. In order to test whether this relationship differed by study site, we included a fixed effect of study site and an interaction term for each cohesion parameter with study site. Because interaction terms were significant for men, women, or both for each outcome (significance of cohesion-study site interaction set at p < 0.20), we report separate prevalence odds ratios (PORs) for cohesion within each study site.
We conducted a sensitivity analysis using structural equation modeling (SEM) to address the possibility that aggregating individual perception of cohesion to create a group mean would negatively bias regression estimates of contextual effects (Lüdtke et al., 2011) . We fit multilevel latent models for each study site and outcome, employing the partial credit IRM model for the initial item model and treating individuals as indicators of the latent group cohesion. All models included the stabilized weights and were adjusted for clustering by group. Analyses were conducted in R 3.1.3 (R Foundation for Statistical Computing) using the Test Analysis Modules package (Kiefer et al., 2015) and Stata 14.0 (StataCorp, College Station, Texas).
Results
In North West, 43 of 46 selected EAs were successfully enumerated; fieldworkers were not granted access to three farm areas. Of 1527 enumerated dwelling units (DUs), 98.5% were approached; contact was made at 91.7%, yielding 1146 eligible individuals. A total of 1048 (91.0% of eligible participants) consented to participate; four individuals were later determined ineligible, resulting in a total sample of 1044. Median cluster size was 25 (IQR: 22-28). In Mpumalanga, the community survey was based on an initial sampling frame of 3456 households across 27 villages, of which 3061 households (88.6%) were contacted. Eligibility could not be determined in 52 households (refusal prior to screening), in 939 households the selected individual was not eligible (most often due to not meeting residency criteria), and 2070 screened individuals were eligible to participate, with 2057 (99% of eligible participants) consenting to participate. Median cluster size was 77 (IQR: 75-79).
The combined sample across the two sites included 3101 adults, of which 1696 (54.7%) were women. As shown in Table 1 , compared to the sample in Mpumalanga, respondents in North West were more likely to be female, older, unmarried, and to have experienced food insecurity in the past month. These covariates were all included in the model to calculate inverse weights to standardize the two populations for analytic comparison. Heavy drinking was more common in North West in both men and women, while HIV testing was more commonly reported in Mpumalanga. An error in skip pattern programming in the survey resulted in 70 male respondents in RSM not being asked about social cohesion. These respondents and one female were excluded from further analysis due to missing cohesion data. They did not differ from observed RSM respondents on health outcomes; we proceeded with a complete case analysis of 973 respondents in RSM. Perceived social cohesion was notably lower in North West than in Mpumalanga, as shown in Table 2 . Scale reliability was high, 0.82 across the full sample, using expected a posteriori (EAP) reliability, a statistic analogous to Cronbach's alpha.
The proportion of residents in strong agreement was higher in the Mpumalanga site for all items; individual and group cohesion raw scores averaged 1.0 in the North West site, equivalent to 'somewhat agree' for all items, compared to 1.5 (strong agreement with a minimum of three items) in Agincourt (Fig. 1) . Intraclass correlation (ICC) for the cohesion measure was 19.1% (95% CI 13.8, 25.5); ICCs did not differ significantly between the two settings. Table 3 includes results of the multilevel models for each health outcome against group and individual-level cohesion in men (column 2) and women (column 3). Cohesion at each level was quantified using the IRM-based weighted likelihood estimates; group level cohesion ranged from − 2.1 to 0.9 on this metric, with units equal to 1 logit, the log odds of endorsing a higher level of agreement on all items.
Consistent with the raw data, in standardized models heavy drinking was significantly more prevalent in men and women in North West, while HIV testing was significantly more common in Mpumalanga. At the group level, cohesion did not demonstrate a significant protective effect on any health outcomes in North West, and in fact was associated with lower reporting of HIV testing among women. Protective effects were not evident at the individual level in the North West site, with the exception of lower prevalence of concurrent sexual partnership among women whose perception of group cohesion was higher than the group mean.
In contrast, several protective associations emerged between group cohesion and health outcomes in Mpumalanga. The odds of men being heavy drinkers were reduced 40% for each additional unit (logit) of group cohesion (95% CI 0.25, 0.65). Odds of reported HIV testing in the past year were 1.6 and 1.9 times greater in men and women respectively for each unit difference in group cohesion. Group cohesion in Mpumalanga demonstrated signs of being protective against concurrent sexual partnerships among women (p = 0.06). There was no evidence of individual effects of perceived cohesion with health outcomes in Agincourt. Sensitivity analyses using latent variable models supported the main analysis (results not shown).
Interaction tests largely underscored the differences in the relationship of cohesion to health outcomes between these sites: interaction between study sites was significant at p < 0.20 for heavy drinking in both genders and for HIV testing and concurrent sexual partnerships in women. Fig. 2 illustrates two of the significant interactions with associations most strongly diverging between study sites: group cohesion and heavy drinking among men (2a) and HIV testing among women (2b). A change in group cohesion from − 1 to 0 logits results in an estimated increase in heavy drinking prevalence of 17.4% in North West (not statistically significant), compared to a significant predicted decrease of 19.7% in Mpumalanga. A unit change in group cohesion results in a predicted 12.0% decrease in HIV testing prevalence among women in North West vs. a predicted 10.3% increase in Mpumalanga.
Discussion
This study measured social cohesion in communities in two rural South African areas, finding broad disparities in levels of perceived group cohesion. We identified potential health benefits of cohesion across three HIV-related health behaviors in Mpumalanga, the region with higher overall evidence of group cohesion. On the contrary, social cohesion was generally not associated with protective behaviors where levels of cohesion were much lower (North West). These results suggest that there may be a minimum threshold or level of group cohesion required to yield positive health effects. To our knowledge, this hypothesis has not previously been put forth; however, non-linear relationships are common in epidemiology and the same may be true for social exposures that influence behaviors only above or below particular thresholds.
We documented an association between community-level social cohesion and decreasing heavy alcohol use among men, which we had observed among men ages 18 -35 years in a prior survey in Mpumalanga (Leslie et al., 2015) . There is some earlier support for this association, with a small number of studies on the context of alcohol use among adolescents in South Africa, noting the relevance of community factors such as neighborhood dereliction in drinking behavior (Brook et al., 2011; Parry et al., 2004 1.00 ± 0.18 1.49 ± 0.15 155.9, p < 0.01 Fig. 1 . Median and interquartile range of group and individual-level cohesion at 2 study sites in South Africa (N = 70 groups, N = 3030 individuals). POR: Prevalence odds ratio. a Limited to those HIV negative or of unknown status as of 12 months prior. b Limited to those reporting at least one sexual partner in past 3 months. c Denotes significant interaction terms. Tests for interaction between study site and cohesion were significant for heavy drinking for men (B = − 1.63, p < 0.01) and women (B = − 1.40, p = 0.09); not significant for HIV testing for men (B = 0.09, p = 0.850), but significant for women (B = 1.10, p < 0.01); and similarly not significant for concurrent sexual partners for men (B = 0.54, p = 0.50), but significant for women (B = 1.76, p = 0.13). Fig. 2 . Predicted prevalence of health outcomes by level of group cohesion in 2 study sites in South Africa. Health & Place 50 (2018) 98-104 individual's belief in his/her community's capacity to prevent HIV, finding it associated with reduced frequency and quantity of alcohol use among men and women. We also found evidence of an association between community-level social cohesion and increased reported HIV testing for men and women in Mpumalanga. Few previous studies have explored this association in the African context; one study was inconclusive as to whether organizational membership was associated with testing uptake and HIV disclosure (Karim et al., 2008) . Finally, we observed that social cohesion could be associated with reductions in partner concurrency among women. Studies in the region suggest a relationship between individual membership in social groups and sexual behaviors, though not all associations were protective (Gregson et al., 2011; Burgard and Lee-Rife, 2009; Pronyk et al., 2008b) . The idea that women who perceive their environments to be cohesive or who engage in community groups are less likely to engage in condomless sex has also been established in other low resource settings (Lippman et al., 2010; Kerrigan et al., 2006) .
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There may be a number of mechanisms by which social cohesion or capital could influence health behaviors, including through diffusion of health information within the cohesive social network or through enforcing healthy normative behaviors, which is facilitated in more cohesive communities with shared values . Additionally, a more cohesive community can bolster individual health and health behaviors by providing an environment that enables people to enact healthy behaviors -both for themselves and for their peers/neighbors (Leslie et al., 2013) . In the context of the HIV epidemic in South Africa, Campbell and colleagues have hypothesized that community solidarity can encourage collective dialogue around HIV, a sense of ownership and responsibility to tackle HIV, and the agency to do so (Campbell et al., 2007) . Local descriptions and experiences of social cohesion in previous qualitative research in the Mpumalanga site centered largely around shared understandings of instrumental assistance, particularly in times of loss, more so than shared identity. In this context, mutual expectations around shared benefits and burdens of risk behaviors could encourage community members to monitor each other's drinking and partnerships, and encourage health seeking (e.g. HIV testing).
On the contrary -the absence of social cohesion (or the presence of social disorganization), is often linked to unstable community residence, a loss of community social or kinship networks, and ensuing risk behaviors. Historical settlement patterns, political and social structures, current migration, and economic opportunity likely shape community stability and differential levels of cohesion in the study areas. The site in Mpumalanga was initially established during the apartheid government's forced removals programs in the 1940s. However, over time village residents began to strongly identify the village name and boundaries as their 'community,' which was confirmed during qualitative research . In this area there is a well-defined structure of village leadership as well as encouragement of local pride through, for example, weekly traditional dances -muchongolo -which are held in four or five villages every weekend. Research in the area has also demonstrated that while circular labor migration is high, residents remain connected to their family homes and their extended families (Clark et al., 2007) .
Though much of the North West site is sparsely populated and rural, the area also includes peri-urban communities such as Christiana and Bloemhof, which were established in the late 1800s by the Transvaal government as part of the diamond mining rush. Now dominated by the cattle and dairy industries, the area remains whiteowned, with the majority of black South Africans settling in informal settlements on the outskirts of the towns, in government-subsidized dwellings, or in village areas run by traditional (tribal) leaders, often located on arid land making subsistence farming difficult. In the agricultural areas, laborers may be co-located primarily for the purpose of work, and not necessarily due to kinship, which forms the basis of much of the mutual assistance noted in the Mpumalanga villages. Many of these local contextual factors likely contribute to differing levels of perceived cohesion between the sites, though further research would be needed to pinpoint the source of disparities.
Limitations and strengths
This study has some limitations, the largest being the crosssectional nature of the data, which limits causal inference. There are some limitations to aggregating data on individual perception: aggregating individual perception can lead to attenuated estimates of these associations where the ICC is low, however we addressed this concern through sensitivity analysis using latent variable models, which showed the same pattern of association. Further, if the functional group or community is not consistent with an individual's perceived community, this approach could result in misclassification. In these merged data, the community clusters were slightly different in the two sites based on pre-defined study sampling units -villages and EAs. While in some cases the units are equivalent (the smaller villages in Mpumalanga are themselves also census EAs), in other cases they may exhibit some differences. However, because the measure performed equivalently between the two aggregation units, with no differential item functioning and with equivalent ICCs, there is no reason to believe that the communities had different understandings of the survey items or that the assignments of individuals to clusters was incomparable. Finally, while we accounted for demographic differences between the sites, there is the possibility of residual confounding.
Among this study's strengths is the assessment of social cohesion and HIV-risk behaviors using a validated community-level metric in South Africa. The majority of work on the subject has been undertaken with individual measures of attributes that have been widely hypothesized to function at the level of the community, but operationalized at the level of the individual (Lippman et al., 2016b) . We hypothesized that cohesion works at the community level; however, because there may be multiple pathways, we also explored within group effects by including terms for individual deviations in perceived cohesion. This approach results in a conservative estimate of the group-level associations of social cohesion with outcomes of interest. This is equivalent to a controlled direct effect and isolates the group-level pathway rather than pathways based on changing the composition or perception of individuals.
Implications
Our findings have implications for health programming to address HIV and other health outcomes with community cohesion building initiatives. Our results indicate that increasing group cohesion may produce healthier behaviors; however, some basic level of cohesion and potentially other community contextual elements may need to be present before benefits can be realized. Similar community building efforts in the field of HIV prevention have produced disparate outcomes in different areas of South Africa. For example, the IMAGE trial, which combined a microfinance program with gender and HIV training, demonstrated increases in reported solidarity and group membership in their intervention areas (Pronyk et al., 2008a) . However, in Carletonville, in an ethnically diverse area of the North West Province, community building efforts resulted in increased risk for HIV in a context where power structures were not favorable to building cohesive movements (Campbell, 2003) . As a result, future research will need to shed light on the eco-social and contextual elements that should be considered and addressed in initiatives aiming to build social cohesion and community solidarity, and on the conceptualization and theoretical frameworks behind collaborative programming to address health and strengthen community contexts (Trickett et al., 2011) . The two areas in this study demonstrate that different contexts can lead to differential effects of the benefits of social cohesion on health and health behaviors.
